The aims of this study were to estimate the effects of twinning and stillbirth on the lactation curve traits in Holstein cows in Iran. Data from March 2000 to April 2009 comprising of 862 109 test-day milk records corresponding to 115 805 lactations of 58 756 cows in 27 herds were used. The lowest peak and total lactation yield but the highest days in milk (DIM) until peak yield, persistency and cumulative milk yield from calving up to DIM at peak production were found during the first lactation (P<0.05). Consequential effects of stillbirth and twinning on lactation curve traits, except for the factor associated with the downward slope of the curve, were significant (P<0.05). Stillbirth affected the 100-d, 200-d and 305-d milk yields. Cows with stillborn calves had longer days to peak yield and higher persistency, but lower peak yield, than those with live calves (P<0.05). Number of days to peak yield, the persistency and total lactation yield from calving up to peak of lactation were higher for twin birth than for single birth calvings (P<0.05). The estimated correlation between peak yield and lactation yield was high (68 %) indicating that peak yield is very important in determining the lactation yield.
Introduction
Stillbirth, defined as the death of a calf just prior to, during, or within 24 to 48 h of parturition, is a major issue in dairy cow management. Increased frequency of stillbirth during last decades has been reported in several countries (Meyer et al. 2000 , Hansen et al. 2004 , Berry et al. 2007 , Bicalho et al. 2008 . Stillbirth has considerable effects on the dairy industry through reduced number of calves, reduced lactation performance, increased risk of developing metritis and retained placenta, longer rebreeding intervals and increased hazard of involuntary culling (Mangurkar et al. 1984 , Correa et al. 1993 , Chassagne et al. 1999 , Meyer et al. 2000 , Meyer et al. 2001 , Maizon et al. 2004 , Berry et al. 2007 , Bicalho et al. 2007 , Bicalho et al. 2008 .
To our knowledge, there is no scientific report on the effects of twinning and stillbirth on the shape of lactation curve. The objectives of this study were to estimate the effects of stillbirth and twinning on the shape of lactation curve, and on partial and 305-d lactation performance in Holstein dairy cows in Iran.
Materials and methods

Data, lactation curve model fit and traits definition
Data from March 2000 to April 2009 comprising of 862 109 test-day milk records corresponding to 115 805 lactations of 58 756 cows in 27 dairy herds collected by the Animal Breeding Center of Iran were used. Edits were on the number of test day records per cow (>4), lactation length (≤320 d), and days in milk (DIM) at which first test day was recorded (≥5).
The herds were purebred Holsteins, managed under conditions similar to most developed countries and were under official performance and pedigree recording. The main ingredients of the total mixed ration consisted of corn silage, alfalfa hay, cottonseeds, cotton seed meal, barley grains, canola meal, wheat bran, fat powder, beet pulp, and feed additives.
To describe the lactation curve, the incomplete gamma function proposed by Wood (1967) was used. The function is as follows:
where y t is the daily milk yield in DIM t, the variable t represents the length of time since calving, e is the Neper number, a is a parameter to represent yield at the beginning of the lactation, b and c are factors associated with upward and downward slopes of the curve, respectively. The incomplete gamma function was transformed logarithmically into a linear form as:
and was fitted to monthly lactation yield records using a program written in Visual Basic 6 (Microsoft, Redmond, WA, USA). The DIM at peak production was defined as:
expected maximum yield was calculated as:
persistency was calculated as:
and finally, total yield from the calving up to days 100, 200, and 305, and DIM at peak production (FCTP) was calculated as:
where n=DIM of 100, 200, 305, and DIM at peak production. Stillbirth was defined as the death of a calf occurring just prior to, during, or within 24 to 48 h of parturition. When a calf was born alive as a singleton or when both calves were born alive in twin births, stillbirth was coded »D0« otherwise; stillbirth was coded »D1«. The combination of calf sex and birth number (single vs. double) was shown as SST and coded as SM for male, SF for female in singleton births, and TWIN for male pairs, female pairs and mixed-sex pairs in twin births. Data on parity number were classified into five categories, parity 1, 2, 3, 4, and ≥5.
Statistical analysis
The effects of stillbirth and twinning on the parameters describing the lactation curve as well as partial and 305-d lactation performance, were determined using multiple regression mixed models in MIXED procedure of SAS 9.1 (SAS Institute Inc., Cary, NC, USA) through inclusion of stillbirth and twinning, effect of herd, calving year, and calving season combination (HYS), covariate effect of age of first calving (FCA), covariate effect of DIM at first test-day record, and random effect of dam's father. The Pearson's correlation among the lactation curve traits were estimated using PROC CORR of SAS 9.1.
Results
Effects of stillbirth and twinning on the shape of lactation curve
A typical lactation curve has positive a, b, and c parameters, characterised by an initial phase that increases to a maximum and is followed by a declining phase. Lactation curve with negative a, b or c parameters is considered atypical. In this study, 25.61 % of all lactations were atypical and excluded from analysis. The squared multiple correlation coefficient (R 2 ) of the log-transformed gamma function varied from 61.06 (±0.35) for the first parity to 79.05 (±0.40) for parity ≥5. Of 86 147 calving records, 95.03 and 4.97 % had delivered live calves and stillborn calves, respectively. The incidence of stillbirth by herd ranged from 0.13 to 19.21 %. The overall twinning rate was 3.38 %, and the percentage of male calves among singletons was 51.54 %.
The potential consequential effect of stillbirth, interaction effect of calf gender and birth number, parity, FCA and DIM at the first test day recording on the lactation curve traits are presented in Table 1 . The lowest peak and lactation yield but the highest DIM until peak yield, persistency and cumulative milk yield from calving up to DIM at peak production were found during first lactation (P<0.05). First lactation cows produced lower 100-d, 200-d and 305-d milk and had flatter lactation curves than older cows (Table 1) . Consequential effect of stillbirth and twinning on lactation curve traits except for factor associated with the downward slope of the curve (c) were significant (P<0.05). Stillbirth parturition negatively affected the 100-d, 200-d and 305-d milk yields. Cows with stillbirth had higher DIM until peak yield and higher persistency but lower peak yield than cows delivering live calves (P<0.05). Twinning resulted in lower 100-d, 200-d and 305-d milk yield (P<0.05). DIM until peak yield, persistency, and lactation yield from calving up to DIM at peak production were higher for twin birth parturition than for single birth calvings (P<0.05).
Correlation among parameters of the lactation curve
Phenotypic correlation coefficients between lactation curve traits are shown in Table 2 . There was a high correlation between 305-d milk and peak yields (68 %), indicating that higher producing cows usually took longer than lower producing cows to reach peak production and require high peak yield and persistency. The larger correlation coefficient between peak yield and lactation yield (68 %) compared with the smaller correlation coefficient between persistency and lactation yield (13 %) indicates that peak yield is more important in determining 
the lactation yield than persistency. The average 305-d milk yield was increased by 173.5 (±0.8) and 11.34 (±0.23) kg for every extra kg of milk at peak lactation and every extra day to reach at peak yield, respectively. The correlation coefficient between yield at the beginning of lactation, a, and factor associated with the upward slope of the curve, b, was negative (−94 %). Positive correlation (78 %) was found between factors associated with the upward and downward slopes of the curve (b and c). The correlation coefficient between DIM at peak yield and persistency was 84 % (Table 2) . 
Discussion
In this study, 25.61 % of all lactations were atypical (a, b or c with negative values) which is characterised by the absence of a lactation peak. Rekik et al. (2003) reported 15 % to 42 % atypical curves in dairy herds of Tunisia. Atashi et al. (2006) and Tekerli et al. (2000) reported 17.7 % (of 36 487) and 26.3 % (of 1 278) atypical curves in Holstein dairy cows of Iran and Turkey, respectively. Variability in the quantity and quality of ration as well as physiological and health problems related to harsh environmental conditions (heat in summer) may lead to atypical lactation curves (Rekik & Gara 2004) . Macciotta et al. (2006) considered the time from parturition to the first recorded test, as the most important factor affecting the incidence of atypical lactation curves. The squared multiple correlation coefficient of the logtransformed gamma function varied from 61.06 (±0.35) for first parity to 79.05 (±0.40) for parity ≥5. Less accurate fitting of the lactation curve was associated with first lactation than with later lactations, which is in agreement with previous studies (Shanks et al. 1981 , Tekerli et al. 2000 . The lowest peak and lactation yields but the highest persistency was found during the first lactation. First parity cows also reached their peak of production later and tended to have flatter lactation curves than multiparous cows. Similar findings were reported earlier (Rao & Sundaresan 1979 , Singh & Shukla 1985 , Keown et al. 1986 , Tekerli et al. 2000 . Rao & Sundaresan (1979) reported that the milk secretory tissue in primiparous animals takes longer to reach its peak activity than in multiparous animals. Stillbirth and twinning significantly affected lactation curve traits except for the parameter associated with the downward slope of the curve (c). The results showed that the DIM until peak yield, persistency and lactation yield from calving up to DIM at peak production was higher for twin birth than for single birth parturitions. The reported data on the effects of twin birth on subsequent performance are inconsistent. Kay (1978) , and Bell & Roberts (2007) reported no significant difference in lactation performance of cows delivering twins or singletons. Nielen et al. (1989) reported cows bearing twins produced an average of 103 kg more milk during the first 100 d of lactation compared with the cows bearing single calves, however no significant differences in milk production were found during the latter part of lactation. Such discrepancies may be the result of differences in management of twin-bearing cows during gestation and lactation. In the present work, DIM until peak yield was longer and the persistency was higher in cows with stillbirth. Bicalho et al. (2008) found that mean 305-d milk yield for a cow with a stillborn calf was decreased by 323.3 kg per cow per lactation. Mangurkar et al. (1984) reported a milk loss from prenatal deaths of 100-400 kg of milk, 4-11.5 kg of fat, and 2.5-13 kg of protein. Berry et al. (2007) found that cows that had a stillborn calf produced 51.9 kg less milk during the first 60 days of lactation. Chassagne et al. (1999) reported a significant reduction in 305-d milk yield in cows with stillborn calf (5 582 kg) than cows without (6 140 kg). Mammary cell proliferation starts in early gestation and rises exponentially until it reaches its maximum after parturition (Knight & Wilde 1993) . Mammary cell numbers start to decline, by apoptosis after parturition and this decline progresses until the end of lactation (Wilde et al. 1997 , Pollott 2000 . The increase in milk production during early lactation is largely due to the rate at which mammary cells become active (differentiated) and the decline in milk yield in later lactation is due to the rate of apoptosis (Pollott 2000) . It could be concluded that mammary cell proliferation and differentiation are reduced in stillbirth and twin birth calvings and peak later than for live birth and single birth, but the rate of decrease in apoptosis is similar in stillbirth and live birth or twin birth or single birth calvings.
The observed relationships among main lactation curve traits agree with earlier findings (Keown et al. 1986 , Tekerli et al. 2000 , Rekik et al. 2003 . The estimated correlation between peak yield and lactation yield (68 %) was higher than that between persistency and lactation yield (13 %) indicating that peak yield is more important in determining lactation yield than is persistency. Cows with the higher peak yield are likely to produce highest amount of milk. Therefore, producers should use peak yield as a management tool to monitor milk production performance of the herd. The significant correlations between 305-d milk yield and persistency showed that cows with higher persistency would be expected to have higher 305-d milk yield.
The strong negative correlation(−94 %) between milk yield at the beginning of the lactation (a) and factor associated with the upward slope of the curve (b) indicated that higher initial yield is associated with a lower rate of increase to peak yield. The positive correlations (78 %) between factors associated with the upward and downward slopes of the curve (b and c) implied that cows that peaked more rapidly also had a faster rate of decline after reaching their peak production. The increase in milk production during early lactation is largely due to the rate at which mammary cells become active and the decline in milk yield in later lactation is due to the rate of apoptosis in mammary cells (Pollott 2000) . Therefore, the rate at which mammary cells become active and the rate of cell death may be positively correlated. Correlations between DIM at peak yield and persistency measures suggested that cows that reach peak yield later during lactation would have higher persistency.
